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Report  No.  3926-169 

Material  -  Finishes  and  Coatings  -  Zinc,  Silver, 
Chromium,  Nickel  Plates 

Effect  of  Electroplated  and  Chemically  Plated  Coatings 
on  Strength,  Corrosion,  Heat  Resistant  and  Abrasion 
Resistant  Properties  of  4340  Steel  at  260,000  to  300,000  psi 
Ultimate  Strength 


Abstract: 

The  several  test  findings  were  as  follows:  (l)  significant  ultimate  and 
yield  tensile  strength  losses  did  not  result  from  plating;  (2)  reduction 
of  area  losses  ranging  7  per  cent  for  chemical  nickel  to  98  per  cent  for 
"electrolized"  chromium  occurred;  (3)  55  and  84  per  cent  of  elongation 
was  lost  for  all  but  electrolytic  and  chemical  nickel  plate.  Baking 
restored  the  losses  found  with  silver  plate  and  restored  the  Iobbcb  ex¬ 
perienced  with  zinc  plating;  (4)  zinc  plated  coatings  resulted  in  the 
higher  fatigue  life.  Post  plating  baking  at  375  *F  was  detrimental  in 
every  case;  (5)  chemical  nickel,  silver,  electrolytic  nickel,  "electro¬ 
lyzed"  chromium  and  zinc  resisted  200,  96,  96,  48  and  48  hours,  respectively, 
of  salt  spray  corrosion;  and  chemical  nickel  coating  showed  the  greater  wear 
resistance. 

Reference :  Forney,  D.  M.,  Jr.,  Haney,  R.  J.,  WiBe,  W.  E. , 

'Metallic  Protective  Coatings  -  AIKt  4340  Steel  - 
280,000  PSI  UTS  -  Static,  Fatigue,  Hear,  Corrosion 
and  Heat  Tests,"  General  Dynamic s/Convair  Report 
MP  56*SjS3j  San  Diego,  California,  27  August  1957. 

(ReferelflS  attached). 
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SjjTgODOCTIOEt 

las— toh  m  tte  design  of  afessl  aircraft  puts  has  h*  rot  of  or*  ••Idas  required 
test  treat— nt  to  ultlasts  tonsil*  strengths  in  *xo*ts  of  sb«at  2X0,000  pii, 
invert  i  got  ions  into  th*  successful  us*  of  oortoin  metallic  prot*ot  iv*  oostings 
far  ports  test  trsstsd  to  tte  280,000  -  800,000  p*i  ultinsts  tonsil*  strength 
rang*  have  toon,  for  tte  nost  port,  sketchy. 

In  viov  of  tte  ineroaslag  us*  of  high  hardness  stool  and  tte  graving  need 
for  plating  data,  a  survey  of  tte  psrfomsno*  of  9w*rml  costing*  deposited  an 
high  strength  AISX  4840  steal  was  porfor— d. 

OBJEOTi 

Tte  ohjoat  of  this  tost  van  to  evaluate  tte  —lot iva  porfor— noo  of  sins, 
silver,  olastrolytie  and  ateninsl  nickel  sad  "olootrolissd*  ohrenl—  *oatings 
d* posited  ts  A18S  4S40  Stool  hoot  t rooted  to  a  son  1—1  ultino to  tensile  strength 
of  280,000  pot,  Eksnin* tl—  vas  —do  of  th*  static  ssd  fatig—  proporti— ,  tte 
offset  of  baking  on  th— •  proporti—,  tte  oorroaiov  end  8*nsi  sspowro  r—  ist- 
a—e  and  the  ahrasivo  —or  proporti— . 

COBOBEIOWi 

Tte  oval— tl—  of  tte  porfomanso  of  si—,  silver,  eleetrolyti*  —I  atenioal 
si  sad  •sl—trolisoS*  ohrenl—  a  cot  lags  —  high  hard—  AVI  4840  steel  — o 
nod*  in  ter—  of  their  *rre*i  ■>  proporti— » 


•  saasas  bmbs  — 4  Tuu  m-mh*  * 

sy  plating  — otter  or  —4  post -plating  hah 
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4.  Fatigue  Strygth.  -  Xiao  o  oat  ad  spseiasas  exhibited  s  higher  fetlgte  life 
*t  the  190, OdO  poi  (S  »  i,08)  test  stress  than  say  of  the  other  types  tested*  ss 
shown  in  tbs  table  below.  Also  illustrated  is  the  foot  that  poet-plating  baking 
at  375®F  for  8  hours  was  detrimental  in  every  asset 


Fisting  Fatigue  Life,  Cyeles  -  190,000  pol^(Bje  ♦.06)  tees  eir^aa 


line 

64,600 

24*700 

Silver 

80,000 

21*600 

Kleotrolytie 

link*! 

28*200 

18*500 

Chanioal 

1 label 

20*780 

11*780 

"Ueetroliaed* 

Chroei— 

2,000 

—  m  m 

6.  Xalt  Israr  Corrosion  Ssstetaaes.  *  A  *50  hour  expos —re  failed  be  sipuf- 
loantly  dswwifs  tUo  oh— Jsal  aleicel  oaatiogi  however,  norrosiae  began  after  200 
hours  with  silver*  22  hours  with  eloetrolytis  alokal  usd  *eleotrollaed*  tkrtaiia 
and  42  hours  with  slas. 


2.  Abrasive  lhar  Isolate, nee.  >  The  relative  abrasive  wear  res  lata  see,  shew 
as  Tabor  Abrasion  Aar  Vast  eyelee*  is  lllustieted  la  the  following  table  vhihh 
shows  boas  as  to  rial  hardness  to  be  a  fasten 


OsatiBg 


Xeobwell  C  40 


11  C  4T 


laeahKd 

C-  P.  atael 


Cheaieel  I label  7600 
Ileotrelytls  * label  6200 
itiB>  ttao 
Silver  2142 
•tteetroltesd* 


10*400 

1600 

2200 
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t.  Thermal  Exposure  Resistance.  -  0n«  hour  furnaoe  exDOiui— «  «t  700®T  tad 
1000°F  resulted  In  an  extons  ire  deterioration  or  t  ibc  Jj.iv*  ,  .  ■ 

other  haim,  appeared  to  retain  c'v'  it roL6-tf.  *_  weii  aa  luater  at  theae 
temperatures •  Electrolytic  and  chemical  nickel  and  "eleotroliaed”  chrcmiia 
appeared  to  be  unaffected  although  they  suffered  oxidation  dieooloratioa. 

TEST  SPECIMENS  AID  PROCEDURES i 

Five  types  of  metallic  protective  coatings  were  dec  sited  on  high  hardness 
AISI  4340  steel*  specimens  for  evaluation  in  the  coarse  of  this  test,  namely i 

(1)  Xino,  0.001  ♦  .0001*  per  QQ-Z-32S,  Class  1 

(2)  Silver,  0.0004-0. 0006*  tier  QQ-S-3S5,  Type  1 

(3)  Sleotrolytle  Miokel,  0.003  ♦  .0001*  per  QQ-S-J90,  Class  II 

(4)  Chamicsl  lickel,  0.003  ♦  .0001*  per  Convair  Spec.  0-06009 

(3)  "Klectrolised*  ehromi  tm.  0.0004-0.0006*  -  Klectrolising  Corp . 

All  post-plating  baking  was  performed  on  a  3  hour  cycle  at  375°F  (including 
those  oases  where  specification  requlremeits  conflicted). 

Tern* lie  Teste.  -  Standard  tensile  test  specimens  were  made  in  accordance 
with  figure  1 .  Blanks  were  cut  from  7/8*  A1SI  4340  steel  round  bar  and  rough 
machined  prior  to  heat  treataaot.  Following  heat  treatment,  as  outlined  below, 
the  *  peel  wens  were  finish  ground1 

a.  Wermalised  at  1600°F  for  4  hour* 

b.  Air  cooled 

e*  Austenitised  et  1575*7  for  4  hours 

d.  Oil  quenched  to  below  2C0°F 

e.  Tamper  at  480*7  for  2  hours 

f.  Air  cooled 

The  epecieeae  were  divided  into  five  g  reaps,  erne  for  eeeh  type  ef  costing 
investigated .  Ifelf  of  each  group  was  baked  at  378dF  for  3  hours  fol losing  the 
platlag  operntiae  and  the  remaining  half  left  unbaked. 

The  tea*  lie  test*  ee-e  performed  in  e  200,000  peuad  haldvin  Universal  Testing 
machine.  Ultimata  teaaile  aid  yieli  strength,  percent  reduction  in  area  ud  per- 
eeat  elongation  data  oore  reeorded. 


•  tfceept  specimens  ho.  17-20,  Table  111 
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Fatima  Tssts.  -  Fatifie  epeciwene  were  rough  anehined  fro*  1  l/b"  A1S1  4340 
steal  round  bar  sad  hast  trs*tsd  in  the  tans  furnaos  batoh  m  tha  tonsil#  specimens 
dssoribad  above.  Tha  speoiwene  ware  than  finish  aachlnad  to  the  requireaanta  of 
Figure  t.  Following  tha  plating  operation,  half  of  eaoh  group  was  baked  at  376°F 
for  3  hours  and  the  rewninlng  half  loft  unbaked . 

The  axial  load  testa  were  psrfonssd  in  a  Soontag  lO-'J  Fatipue  Machine,  with  a 
i  to  1  load  amplifier,  at  a  aaxiaua  stress  of  190,Q>0  psi  and  a  stress  rati  a 
(R)  of  4  0.06.  A  test  setup  is  shows  in  Figire  3, 

Corrosion  Tests.  -  Salt  spray  corrosion  tests  were  perforated  as  a  further 
evaluation  of  the  coatings.  A  portion  of  tha  tensile  spaoinana  described  above 
and  shoos  in  Flgire  1  ware  utilised  for  the  teste.  Half  of  the  baked  specimens 
and  half  of  tha  unbaked  spec  leans  of  each  plating  type  were  subjected  to  a  ISO 
hour  exposure  in  e  salt  spray  booth.  Prior  to  exposure,  the  unplated  thread 
section  of  eeoh  spool  wen  nee  eoeted  with  *Theraa- dip*  (CYA  01050-60)  in  order 
to  protect  it  frae  d swage  during  tha  teat.  A  dose  axawlnatloo  was  aade  of  ti» 
■peeiaene  s' ’ary  24  hours  la  order  to  dstarnlne  tha  exposure  tine  to  the  first 
alps  of  oorrosion.  At  the  conclusion  of  the  260  hour  period,  the  spec  leans 
were  tanaila  tested  to  eveluete  any  changes  in  neehanieal  properties*. 

ihrulnJswAsts.  •  Teste  were  perforned  au  e— -h  coetln*  in  '.r.l-r  to 
dctemlK  relative  resistance  to  wear.  Two  4*  x  4*  x  ,12»"  blocks  of  Alsl  4340 
steel  were  cut  for  eeoh  seating  type<  heat  treated  -  one  to  Rockwell  C  40  ewd 
thw  ether  to  RaaknU  C  4T  -  sad  finish  ground.  The  two  blocks  in  seek  case 
were  than  prowl  dad  with  the  appropriate  costing  and  baking  tree  meat. 

Karsh  spec  loan  see  wountvd  for  testing  la  a  Tabor  Abrasion  Testing  Machine 
ea  sham  ir  Figure  ft.  type  CS-1T  ah  res  ion  wheels  sere  seed  ledsr  e  deed  ssifk 
preload  of  see  kilograo.  During  the  course  ef  eeoh  test,  the  abrasion  wheels 
eere  redresses  eoh  600  cycles  tgr  replacing  the  test  *  use  Lawn  with  Tire  aeery 
paper  wad  ruanlng  the  eeahlwe  26  cycles. 

In  erSer  te  eveluete  relative  wear,  the  wuwher  of  revolution  of  the  ahrasi-m 
wheel  weeded  to  sssr  the  plating  and  espoee  the  bees  natal  *  as  date  reined.  Aa 
said  solution,  eheeee  te  react  with  the  base  eteel  but  not  with  the  plntl-f  (or, 
at  leant,  very  slowly),  eae  applied  to  the  near  ins  evrfeoe  periodically  -  this, 
a  reaction  weald  indicate  e  breakthrough.  A  1  to  1  water  solution  of  VSn?al-k**r 
said  was  weed  with  t  he  silver  plating  aad  a  1  te  3  water  eelwtiea  of  nitric  acid 
with  the  alee,  elsetr  lytls  aad  shea  leal  alakel  td  the  •eleotrolined"  tkrsalw 
plat  lags. 


*  Tlald  strength  eat  Set  ore  la  *4  -  uia>iw«i*r  iu*  .i>j  ie  to  de-»r«r  f  -mrs.t.- 
failv.ro  of  sees  loan . 

^bteptiw  he  lag  thou  used  for  ’eleetrol  ited*  cVaaie.  la  this  ease,  ;.-U 
rolled  stool  pieces  eere  weed  ia  aaneeled  rendition  »  tests  were  added  tv 
pregrew  at  late  date. 
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'  Thorns!  Exposure  Tests .  -  Tbo  RISl  4340  itMl  strips,  1*  x  10*  x  .37 a",  were 

out  for  each  plating  t ft**,  heat  treated  to  Rockwell  C  47  end  finish  rruund.  Two 
•trip*  in  ••oh  cut  were  provided  with  thw  appropriate  coating  end  baking  treetannt. 
Vie  strip  of  *40 h  type  ns  heated  fur  one  hour  in  h  furnace  at  TCO°F  and  thw  re- 
aaining  strips  wwra  heated  to  1000°f  for  on#  hour  in  tha  f urn sew.  Thw  strips  wars 
than  exeniaed  to  aetemine  tha  relative  effect  of  axposura  to  elevated  tu-np^ratjros. 
Figure  6  shows  tha  strips  after  axposura.  Spec  mans  Ro.  1  and  2  »ra  sine  plated, 
■os.  3  and  4,  ailvar  plated.  Sow.  6  and  C  ara  coated  with  electrolytic  nickel,  So*. 

7  and  8.  c  howl  cal  nickel  and  Mas.  9  and  10,  *alectrolii*d*  chnmiviv..  Evan  m»oercd 
speslnane  wars  exposed  to  1000°F  and  odd  msahart  to  TOO°F. 

lu,,  'LTS  ASP  DISCUoolQSi 

Tha  results  of  tha  static  tests  are  Riven  in  Table  1  and  fatigue  teat  res. Its 
ara  praaantad  in  Tabla  11.  Table  Ill  gives  the  abrasion  wear  test  results. 

Table  IT  the  corrosion  test  rosults  end  Table  V  tha  therraal  axposura  test  results. 

Examination  of  tha  ateti:  test  rasults  of  Table  I  ir.dl: .tee  that  no  timir- 
iaaat  change  occurred  la  tba  ultinata  tensile  strength  as  a  result  of  plating, 
regsrdleea  of  type  or  edi  ether  or  aot  baking  was  par  for  wad.  -i.:aoUe,  tha  yield 
strength  varied  only  about  2  para  ant.  The  reduction  in  area  end  eloncetton 
proparties,  on  tha  ether  hand,  wara  significantly  affected,  for  the  neat  part, 
by  plating.  Tha  percent.  BX  for  sine  plating,  for  inetance,  sufTer-jd  a  l;s*  cf 
7B  p« react,  allear  44  parcaat  and  *alactrolisad*  ohronliaa  aa  art  a a  M  parcaat. 

Tha  percent  elongation  for  line  coated  scnclnons  was  reduced  * S  percent,  for 
allear,  34  percent  e.vd  far  "eleotrcl ised*  ehraaiwa,  84  percent.  Baking  at  378*7 
for  3  hours  sussaadad  la  restoring  all  lasses  excepting  that  esperianced  hf  Sina. 

I*  this  ease,  however,  tha  loas  of  percent  B  was  reduced  to  24  percent  »U  that 
af  percent  alert  Ration  to  14  percent . 

Ex  satinet  lea  of  Table  II  illustrates  that  list  plated  ipecumt  aahibit  tin 
highest  fatiRwa  life  af  tha  group  (at  tha  ’-eat  stmts  or  170,003  pal  at  8 
Tha  fatigue  lift  af  silver  was  only  47  pel  weal  aa  fooo  as  tine,  alactrolytic  *s-«el 
aaly  37  percent,  e  lent  eel  aiefcal,  32  percent  and  "elecirol l sed*  rhrani-da  only  7 
parcaat  as  Rood.  It  is  particularly  interest  lag  to  aota  that  bahiOR  at  171*7  fsr 
3  hours  resulted  ia  a  general  reduction  of  fatigue  «i  rung  the  rend  eg  up  to  42 
peraant  la  tha  ease  af  I1M,  It  percent  far  aileer,  M  hiesot  tor  el*:tr-4yt.x 
alekal  and  43  percent  for  chanicai  »irk»l.  *I)sctrvl1|l>|*(  er  cr.fM,  does  »-t 
include  o  ink  lag  stop. 


•  kssptin  he  lag  thaaa  used  t*r  ‘tiscireltied*  chrcnius  *  ceid  r-li«4  steel 
places  need  ia  annealed  condition  -  terte  earw  added  te  pregpen  at  Jet*  *.v  . 
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Dm  oorroiioa  test  ri.nilli  of  Tool*  111  iho«  tnet  civmijel  niecel  pia'.inr 
successfully  resisted  corrosion  curing  •  260  hour  ult  spray  boo-.h  gjtpoaure. 

Silver  reelated  d  ana  go  for  200  hour*,  electrolytic  nickel  cad  "elect  rullsed" 
ekrteiue  94  houre  and  sine  49  hour*.  The  tubeequant  teaeile  test*  of  tie 
correal—  specie— s  Indicated  no  apparent  loaa  in  ultineto  tenaile  etrviuth 
occurred  due  to  oorroaiea  iiaage.  Yield  strength  data  eere  not  obtai—d  *  no 
•etene— star  —a  need  in  elee  of  the  possibility  of  prune  tare  fnilare  result. rv 
free  the  corrca  ion  den  age .  Percent  NS  and  percent  elongation  data  —  re  obtained 
fron  the  electrolytic  end  eh— i—l  nickel  eoeted  apeelaena  only.  Tneee  date  thee 
rather  conducive ly  thnt  eorroaion  o«ncf«  of  the  pletinr  reaulta  w  a  fairly 
draetlc  reduction  in  seed— a  ductility.  Mo  noticeable  eorroaion  dene.'*  to 
ah— tael  nickel  coetin'a  occur  reo  and,  aa  Tatle  1  eh  eve,  percent  Ml  anl  doe/etnn 
—re  not  reduced,  bean  re  to  electrolytic  nickel  eoeted  ipecla—  a,  —  the  other 
heed,  eee  ace— pealed  by  e  leaa  in  car  cent  U.  or  64  eereeat  and  in  elongation 
of  up  to  46  percent. 

The  reaulta  of  the  thorns  1  u^tke  taete.  described  la  Table  Y,  ah— ed 
that  al—  iMtlnti  suffer  considerable  deterioration  at  ’ J0°F  tnu  pondering  at 
1000*?.  While  electrolytic  end  oh— leal  nickel  eaatiaf*  aere  discolored  (yellcnieh) 
at  Wf  ead  ever,  no  further  Senega  — s  avid— t.  la  the  ease  of  "electrolisedT 
ehr— i— ,  the  coating  luster  —s  unet'r acted  at  TOO0  but  a  blue  dUculoreti— 
occurred  at  lO0O°P.  So  other  Canada  aae  evident,  ha— ver.  The  ell— r  e— tines 
sustained  no  ap— at  demure  end  ratal  nod  litter  at  both  TOO°f  and  1000°F  aa  —11. 

■OTt. 

The  date  fron  which  tfclt  —it  — e  propared  ere  recorded  la  Structures 
Laboratory  Date  hook  So.  toil,  facet  62  thr—ch  tl. 
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TABOR  ABRASIVE  SEAR  TEST  RESULTS 


SPECIMEN 


PLATING  CONDITION 

BASE  METAL 

SEAR  CYCLES 

AVERAGE  CYCLES 

HARDNESS 

SILVER 

Re  40 

■  » 

Re  47 

■  • 

ZINC 

Ro  40 

•  • 

Re  47 

ELECTROLYTIC  SI  Cl  EX  J 

Rc  40 

•  • 

Sc  4T 

•  • 

CHEMICAL  STCXEL 

! 

Rc  40 

•  • 

Rc  4T 

•  ■ 

SLiCTtCtIZiO  CRIMES 

i 

C XS  ItZSAL 

m  m 

n  m 

m  m 

— 

1.500 

3.000 


6.500 

6,900 


5,760 

5,650 


2,500 

2,500 


’,500 

T.SOO 


io,  sac 

10,500 


4,000 
4, SCO 
5,000 
6,500 


ANALYBM 

mw*  :«o  by  d.  m.  ranonr,  ji 

CHECKED  BY  *.  *.  WIS» 
REVISED  BY 


C  O  N  V  A  I  R 

•  mwm  ir  inuu  ituut  cmmukh 
MM  DIHO 


IT 

REPORT  NO.  U-4U 

noon.  r-lO* 

OATC  ST  Aa fast  1»6T 


TABLE  IV 


CORROSION  (SALT  SPRAY)  TEST  RESULTS 


PLATING  TYPE 

HRS  SZPCSUSS  TC 
FIRST  DAMAGE 

KXTEJTT  OF  damage  after  iso  kks  EXPOSURE 

C SOI I CAL  KICUL 

280 

PINHOLE  CORROSION  JUST  BEGINNING  TO  APPEAR 

SILVER 

200 

SMALL  ISOLATED  AREAS  OF  CORROSION  DEVELOPED 

FROM  PINHOLES 

E-I1CXEL  AID 
ELECTRO*.  I  HO 

CSROIK 

B< 

GENERAL  DETttlQtATICM  OP  SUMACS  NELL 

'.BIDES  «T 

ZINC 

U 

PLATING  AND  CVDCR  SURFACE  HEAVILY  DAMAGED 
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PUTING  PEELED  OFF 
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DISCOLORED 

NO  DAMAGE  EVIDENT 

RETAINED  LUSTER 
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NO  PEELING  OR  OTHER 

DAMAGE  EVIDENT  - 
DISCOLORATION  QUITE 

NOT T CPA  RLE  -  YELLOWISH 

SAME  AS  700  *F 

CHEMICAL 

NICKEL 

NO  PEELING  OR  OTHER 

DAMAGE  EVIDENT  - 

discoloration  quits 

NOTICEABLE  -  YELLOWISH 

SAME  AS  700  *F 

NO  DAMAGE  EVIDENT 
PROMINENT  DISCOLORATION 
BLUE 
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